The androgen receptor (AR) is a ligand dependent transcription factor whose activity is required for prostate cancer proliferation. As ablation of AR activity is a critical goal of prostate cancer therapy, much emphasis has been placed on understanding the accessory proteins that regulate AR function in the prostate. Several co-activators have been shown to be required for full AR activity, including histone acetyltransferases and TRAP/mediator complexes. SWI/SNF comprises a family of large, multi-subunit complexes present in the cell, which contain one of two core ATPases required for nucleosome re-positioning, BRG1 or hBRM. We investigated the specific requirement of the SWI/SNF core ATPases for AR function. Using cells deficient in both BRG1 and hBRM, we show that activation of one AR target promoter, prostate specific antigen (PSA), requires SWI/SNF chromatin remodeling for activity. A second AR target promoter, probasin, maintained a low level of activation in the absence of SWI/SNF. AR stimulation on the probasin core promoter could be partially induced with BRG1, but hBRM strongly stimulated AR activity. The PSA promoter was only induced by the restoration of hBRM. In contrast, ligand dependent activation of the estrogen receptor was equally stimulated by BRG1 or hBRM. We demonstrate that the addition of a known enhancer region to the core PSA promoter bypasses the requirement for SWI/SNF on the PSA promoter, indicating that elements upstream of specific proximal promoters can impact the influence of the SWI/SNF complex on target gene activation. Addition of the enhancer to the probasin core promoter failed to impact the SWI/SNF requirement. In summary, SWI/SNF function potently regulates core AR target gene promoter activation, with a preference for hBRM containing complexes. These 
acetylation of lysine residues on core histones loosens chromatin and permits access for transcription factors to bind and activate promoters (19, (21) (22) (23) (24) . Type II co-activators stabilize the ligand bound conformation of the AR homodimer, which leads to increased activation of androgen responsive genes. For example, the type II co-activator ARA70 stabilizes amino to carboxyl terminal interactions of the androgen receptor, dependent on ligand binding. The increased stability caused by co-activator binding promotes AR activity (19, 25, 26) . Lastly, the TRAP/mediator complexes enhance ligand dependent AR activity, likely through direct recruitment of RNA polymerase II (27) . Several other cofactors have been identified, but the mechanisms by which they modulate AR activity have yet to be determined.
For several transcription factors, including selected nuclear receptors, the SWI/SNF ATPdependent chromatin remodeling complexes have been implicated to target gene regulation (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) . The SWI/SNF family encompasses a number of large, multi-subunit complexes comprised of eight or more proteins.
Invariantly, the SWI/SNF complex contains one of two core ATPases, BRG1 or hBRM. These complexes regulate the activity of transcription factors by reorganizing chromatin structure through either facilitating nucleosome condensation (which induces transcriptional repression) or nucleosome dispersion (assisting in transcriptional activation) (38) (39) (40) (41) (42) (43) . For example, we and others have shown that activity of the retinoblastoma tumor suppressor protein, RB, requires SWI/SNF activity for transcriptional repression of key cell cycle targets, including cyclin A (44) (45) (46) (47) (48) (49) (50) . Loss of SWI/SNF activity abrogates RB-mediated transcriptional repression and the ability of RB to arrest cellular proliferation. In contrast, RB enhances association of the glucocorticoid receptor, GR, with either BRG1 or hBRM, thus resulting in increased GR activity (51) (52) (53) . The association between BRG1 or hBRM and GR is known to be direct, and recruitment of SWI/SNF complexes to GR may actually stimulate 6 displacement of GR from chromatin, allowing GR to return to the remodeled chromatin with additional transcription factors (30) . Even though SWI/SNF activity clearly is necessary to repress RB targets and activate GR targets, both events can induce a cessation of cellular proliferation (cell cycle arrest and/or apoptosis) (44) (45) (46) 50, (52) (53) (54) . Collectively, these observations contribute to the current hypothesis that the SWI/SNF complex can interact with sequence specific transcription factors to either promote or repress target gene activation, dependent on promoter context and complex content.
In addition to the GR, SWI/SNF activity has been shown to be essential for estrogen receptor, ERα, activity. ERα fails to activate estrogen responsive elements in SWI/SNF defective cells, as demonstrated by transient reporter assay. Using this same system, ERα activity was restored upon co-expression of BRG1 (33, 34) . The hypothesis that ERα requires BRG1 activity was further substantiated by the observations that BRG1 can be detected at endogenous ER target promoters in the presence of ligand, and that a BRG1 associated factor, BAF57, enhances ERα/SRC-1 activation of estrogen responsive promoters (35) . Presumably, such induction of ER activity contributes to ER signaling and ER-dependent proliferation in mammary epithelia and carcinoma cells.
Here, we probed the importance of SWI/SNF activity for AR function. We show that complete ligand dependent activation of two distinct AR target promoters (PSA and probasin)
requires SWI/SNF function. For PSA, SWI/SNF activity was essential, whereas for probasin low level activation was observed in the absence of SWI/SNF, indicating that this target can be at least partially activated independently of chromatin remodeling. Both core promoters were strongly stimulated by the restoration of hBRM. The re-introduction of BRG1 weakly activated the probasin promoter, but was unable to stimulate the transcription of the PSA promoter by the 9 receptor expression plasmid (SG5-AR or ERα), 0. 
Results:
The proximal probasin promoter retains minimal activity in the absence of BRG1 or hBRM.
It has been previously demonstrated that the SWI/SNF complex is necessary for the function of several nuclear receptors. For example, estrogen receptor and glucocorticoid receptor activity is absent or significantly decreased, respectively, in cell lines that are deficient in BRG1 and hBRM, the core ATPase proteins of the SWI/SNF complex. Receptor activity can be rescued through restoration of BRG1 (29, (32) (33) (34) . SW13 and C33A cells are defective in both BRG1 and hBRM, and are known to lack SWI/SNF activity (29, 59) . To compare, spontaneously immortalized CV1 cells, which express both BRG1 and hBRM (data not shown) were also utilized. As shown in Figure 1A , CV1 and SW13 cells were transfected with plasmid encoding the estrogen receptor (ERα) and CMV-ß-galactosidase (as an internal control for transfection efficiency), and the 3X-ERE-luc reporter construct. ERα activated the ERE reporter 4.9 fold in the presence of 10 nM 17ß-estradiol (E2) (left panel). In contrast, addition of 10 nM E2 failed to activate the 3X-ERE-luc reporter in SW13 cells (right panel). These observations are consistent with previous reports demonstrating the requirement of SWI/SNF for ERα activity (34) .
To determine if the AR requires the SWI/SNF complex for transactivation, similar experiments were performed. Briefly, SWI/SNF competent (CV1) or defective (SW13 and C33A) cells were cultured for 24 hours in the absence of steroid hormone (phenol-red free media supplemented with 10% charcoal dextran treated serum, CDT). Cells were then transfected with plasmid encoding the androgen receptor (pSG5-AR), CMV-β-galactosidase, and the ARR2-luc reporter plasmid at the amounts indicated. ARR2-luc is a well-characterized, AR specific reporter construct that contains two copies of the probasin promoter in tandem and directs prostate specific expression in transgenic mouse models (57) . Post transfection, cells were treated with vehicle (0.1% ethanol) or physiological levels of androgen (0.1 nM dihydrotestosterone, DHT) for 20 to 24 hours. Cells were then harvested and processed to detect luciferase and β-galactosidase activity. As can be seen in Figure 1B , the probasin promoter was induced 138.0 fold by androgen in CV1 cells (left panel), but only 6.6 fold and 10.0 fold in SWI/SNF defective SW13 and C33A cells, respectively (middle and right panels). This significant reduction in activity is comparable to that observed with GR in C33A and SW13 cells (29) . Thus, the AR exhibits significant deficiency in activating the probasin promoter in the absence of core SWI/SNF activity.
AR-dependent activation of the probasin promoter is induced by the restoration of BRG1 but preferentially by hBRM.
It has been previously shown that SWI/SNF activity can be restored in SW13 and C33A cells through ectopic expression of BRG1 or hBRM. For example, CD44 expression is lost in BRG1/hBRM deficient cell lines. The expression of CD44 expression can be restored by transfecting either BRG1 or hBRM into these cells (SW13 or C33A) (44, 45, 48) . In addition, we To demonstrate that these effects were attributed to ATPase activity, and not to simple assembly of the SWI/SNF complex, dominant negative BRG1 (dnBRG1) was utilized.
This allele harbors point mutations in the ATPase domain, rendering the resulting mutant protein capable of assembling the SWI/SNF complex, but incapable of remodeling chromatin (56) . As can be seen, dnBRG1 lacked any ability to restore AR activity on the probasin promoter ( Figure   2B ).
Given the preference of AR for hBRM containing SWI/SNF activity, we examined the effect of BRG1 versus hBRM on ERα activity. It has been shown that the re-introduction of BRG1 into SW13 cells restores ER-mediated activation of the 3X-ERE-luc reporter, and that dnBRG1 does not allow for the activation of the same reporter (34) . These data were confirmed in Figure 2C , wherein SW13 cells were transfected with expression plasmid for BRG1 or dnBRG1 and the ERE-luc reporter. Previous reports did not examine the relative efficacy of hBRM for restoration of ER activity. As depicted in Figure 2C , ERα activity was equally restored by BRG1 versus hBRM in SW13 cells (3.3 and 3.6 fold above background for BRG1
and hBRM, respectively). These collective data imply that AR has a preference for hBRM as the core ATPase used to aid in the stimulation of ARR2-luc activity, while BRG1 and hBRM are equally effective in stimulating ERα activity.
Activation of the proximal PSA promoter requires hBRM-dependent SWI/SNF activity.
Given the unique preference of AR for hBRM containing SWI/SNF complexes, these results prompted examination of additional AR dependent promoter constructs. The prostate specific antigen (PSA) promoter is the most well characterized AR target, is tightly regulated by androgens, and demonstrates prostate specific expression (55) . The proximal PSA promoter contains two ARE sites, and was cloned upstream of luciferase to generate the PSA-luc reporter.
As can be seen in Figure 3A , To analyze the effect of SWI/SNF activity on activation of this promoter, BRG1 or hBRM were restored by transfection, as seen in Figure 2B . Strikingly, restoration of BRG1 failed to rescue PSA-luc activation, whereas hBRM strongly induced promoter activity, yielding a 278% increase over activity in the presence of ligand but absence of hBRM ( Figure 3B ). Thus, activation of both the proximal probasin promoter and the proximal PSA promoter requires SWI/SNF activity, with a strong preference for hBRM as the core ATPase. Interestingly, addition of hBRM in SWI/SNF competent CV1 cells had no impact on the proximal PSA promoter (Figure 3C ), or the proximal probasin promoter (data not shown),
indicating that excess hBRM does not simply enhance AR activity.
The PSA enhancer region facilitates a bypass of the SWI/SNF requirement.
The preceding data revealed a requirement for SWI/SNF activity on the PSA promoter. To examine the effect of the enhancer on the proximal probasin promoter, the ARR2+E-luc construct was generated, which positions the enhancer region of the PSA (containing the ARE III) directly upstream of the ARR2 promoter ( Figure 5A ) (55, 57) . Transfection of this reporter construct into SW13 or C33A cells with AR expression plasmid, as described for Figure   1 , revealed that unlike the PSA61 reporter, activity of the enhancer addition to the probasin promoter did not alter the response to SWI/SNF activity ( Fig. 5B and C) . Ligand-dependent activation of the reporter constructs was similar between ARR2-LUC and ARR2+E-LUC (6.6 versus 6.5 fold, respectively). As with the proximal promoter, activity of ARR2+E was restored upon co-transfection of hBRM (55.0 versus 42.0 fold, respectively). Thus, the impact of the enhancer on SWI/SNF requirement is variant, dependent on promoter context. 
Discussion:
In this report, we show that AR exhibits a differential requirement for SWI/SNF activity.
The core PSA promoter demonstrated a requirement for SWI/SNF activity, whereas the probasin promoter retained weak activity in the absence of SWI/SNF. Androgen-dependent activation of the probasin promoter could be partially enhanced with BRG1, but the PSA promoter could not be restored by BRG1. Both of these promoters were strongly activated by AR in the presence of hBRM. Thus, AR exhibits a preference for hBRM containing SWI/SNF activity. This is distinct from what we observed with the ERα, wherein BRG1 and hBRM demonstrated equal efficacy in the ability to restore ERα transactivation potential. In addition, we show that the distal PSA regulatory element strongly influences the requirement of hBRM activity for AR dependent transcription on the PSA promoter. Presence of the upstream enhancer region bypassed the requirement for SWI/SNF, and also rendered the element refractory to excess SWI/SNF activity.
In contrast, addition of this same enhancer element to the proximal probasin promoter did not alter the requirement for the SWI/SNF complex. Together, these data indicate that the requirement of AR for SWI/SNF activity is dependent on promoter context and is more receptive to SWI/SNF complexes with hBRM as the core ATPase.
SWI/SNF activity has been implicated in the appropriate regulation of specific genes.
Here, we show that the PSA promoter shows a distinct requirement for SWI/SNF. Probasin, however, retains some activity in the absence of SWI/SNF (6-fold induction). The disparity in requirement for SWI/SNF activity between the two core promoters indicates that the probasin promoter does not explicitly require chromatin remodeling for responsiveness, suggesting that AR likely binds to the probasin AREs in the absence of these factors. However, the probasin by guest on October 1, 2017
http://www.jbc.org/ Downloaded from promoter was still receptive to SWI/SNF activity (especially hBRM), suggesting that remodeling may assist in a secondary step of activation (e.g. promoter clearance). In contrast, the PSA promoter may require remodeling activity at an earlier step of transcriptional activation (e.g. AR access). It is interesting to note that basal PSA activity (in the absence of ligand) is significantly reduced upon the re-introduction of BRG1 or hBRM ( Fig. 3B and C) , whereas no effect on basal activity was observed with the probasin promoter. 
